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Naval Support Activity Mid-South
SWMU 39 Soil and Groundwater

Section 1: 1ntroduction
Revision 2; December 7, 2001

1.0 INTRODUCTION

As part of the U.S. Navy Installation Restoration Program (IRP), this Corrective Measures Study

(CMS) work plan has been prepared for solid waste management unit (SWMU) 39 on the

Southside of Naval Support Activity (NSA) Mid-South (formerly Naval Air Station [NAS]

Memphis), Millington, Tennessee. SWMU 39 was addressed in the Assembly F RFI Report,

Revision 1 (EnSafe, September 2000), which recommended a CMS.

Because contaminants in SWMU 39 soil and groundwater were not clearly delineated, the

NSA Mid-South Base Closure and Realignment Act (BRAC) Cleanup Team (BCT) determined that

further evaluation of contaminant migration was warranted before a CMS could be completed.

Therefore, in October 2000, a supplemental direct push technology (DPT) investigation

was conducted in soil beneath the Building S-74 foundation and around Building S-203.

Fifteen DPT borings were advanced from which 28 soil samples were obtained.

Groundwater samples were obtained from nine existing and four temporary monitoring wells. The

findings of this investigation are presented in Section 3. Figure 1-1 is a topographic map of

NSA Mid-South and the surrounding area. Figure 1-2 shows a site map of SWMU 39.

The CMS is part of the RCRA Corrective Action Program (CAP), which follows the

Resource Conservation and Recovery Act (RCRA) Facility Assessment/RCRA

Facility Investigation (RFA/RFI) process. Corrective Measures Implementation (CMI) follows

the CMS. The ultimate goal of a CMS is to select a corrective measures alternative(s) that

mitigates threats to public health, welfare, and the environment and provides continuing

protection. A CMS entails development, screening, and evaluation ofalternative remedial options.

Specific objectives are to develop and evaluate alternatives that protect public health and the

environment, comply with applicable requirements (e.g., Maximum Contaminant Levels [MCLs]),

and reduce contaminant mobility and/or toxicity.

1-1
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The U.S. Environmental Protection Agency (USEPA) RCRA Corrective Action Plan (Final),

(OSWER Directive 9902.3-2A, May 1994) emphasizes the importance of a

concise corrective action process based on site-specific detail, with an overall goal of streamlining

the process to expedite cleanup. Therefore, all or some of the components ofthe corrective action

process (i.e., RFI-'CMS-'CMI) may be streamlined and an alternative to this

sequential process may be appropriate. The traditional CMS can be scaled down to a

streamlined version in which only one alternative is evaluated.

In keeping with this goal, this plan addresses general procedures to be followed during a

streamlined CMS for SWMU 39. A streamlined approach is being taken at SWMU 39 because

the contamination is in a small area and represents minimal exposure concerns. This work plan

discusses one corrective measures technology (monitored natural attenuation [MNA]) that has been

identified for evaluation in a streamlined CMS.

1.1 Purpose of CMS

The purpose of a CMS is to identify and evaluate potential remedial alternatives for a given site

or group of sites identified through the RFI or other investigations as needing further evaluation.

Although not required, the Permittee may choose to evaluate several corrective measures

technologies. The scope and requirements of the CMS need to be balanced with quickly

initiating remedies and rapidly restoring contaminated media. In keeping with these goals, a

streamlined approach to remedy selection can enable a facility to move from facility investigation

to CMI more rapidly.

According to the RCRA Corrective Action Plan (Final), a streamlined or highly focused CMS may

be appropriate in the following types of situations:

1-4
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• "Low risk" facilities where environmental problems are relatively small, and releases

present minimal exposure concerns.

• High quality remedies have been proposed by the Permittee/Respondent, who may propose

a remedy which is highly protective and consistent with all other remedial objectives.

• Facilities with straightforward remedial solutions. For some contamination problems,

standard engineering solutions can be applied that have been proven to be effective in

similar situations.

• Phased remedies. At some facilities, the nature ofthe environmental problem will dictate

development of the remedy in phases, which would focus on one aspect of the remedy or

one area of the facility that requires immediate measures to control further environmental

and human exposure. In these situations, the CMS could focus on that specific element of

the overall remedy, with follow-up studies as appropriate to deal with the remaining

remedial needs at the facility.

Typically, evaluation of several viable remedial options is based primarily upon their ability to

protect human health and the environment adequately while complying with all applicable

regulatory concerns and standards. However, only one alternative needs to be evaluated for a

smaller site with a simple and straightforward environmental problem.

1.2 RCRA Permit Issues

This plan has been prepared for NSA Mid-South as part of the Department of Defense IRP and

is intended to satisfy Condition IV G-l(a)(b) of the Hazardous Waste Management permit

(TNHW-094) and the Hazardous and Solid Waste Amendments (HSWA) permit (HSWA-TN 002),

1-5
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issued to NSA Mid-South by the Tennessee Department ofEnvironment and Conservation (TDEC)

and the USEPA Region IV, respectively. These permits make up the complete RCRA permit for

NSA Mid-South, which regulates current RFI activities. The Hazardous Waste Management

permit was reissued by TDEC on September 24, 1996, and will expire September 24, 2006.

The original HSWA permit of September 15, 1986, was reissued by USEPA Region IV on

April 1, 1998.

The HSWA portion of the permit required NSA Mid-South to conduct an RFA to identify and

characterize all active and inactive SWMUs. The Navy retained Engineering, Design, and

Geosciences Group, Inc. (EDGe) in December 1986 to conduct the RFA and to perform an RFI

to evaluate SWMUs known, suspected, or presumed to have released hazardous constituents.

EDGe prepared the draft RFA and RFI reports concurrently and submitted them in April 1987.

The reports identified 58 potential SWMUs and recommended 34 for additional study. Since

1987, eight more sites have been added and a previously identified site has been divided into

two sites, bringing the total number of SWMUs to 67. On September 24, 1996, TDEC reissued

the Hazardous Waste Management permit with modifications to· add the new SWMUsand

one area of concern (AOC), the Northside fluvial deposits groundwater. Thus, 67 SWMUs and

one AOC are currently listed in the permit modification.

The RCRA Part B Permit for NSA Mid-South specifies that TDEC and USEPA will review

RFI documents and notify NSA Mid-South if further investigations, CMSs, or corrective actions

are needed. It is anticipated that a permit modification will be required at the end of the CMS

when the program progresses to the CMI stage. The CMS is expected to present the

general methodology for transition to CMI and will also focus on the remedial time frame,

permitting, and regulatory concerns for the proposed remedy.
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2.0 GENERAL APPROACH TO CMS

This section discusses the fundamental CMS approach to collecting data, identifying target media

cleanup goals, statistical application to corrective measures evaluation, modeling, and

cost estimating.

2.1 Data Evaluation

Defining the nature of potential contaminants, or chemicals of potential concern (COPC), was the

initial step in the RFI data-collection process, which depends largely on data quality (as defined

by data quality objectives [DQOs]). A minimal number ofbiased samples was collected following

DQO definitive data (formerly Levels III and IV) protocols and procedures. Quality criteria are

outlined in the Comprehensive RFI Work Plan - Naval Air Station Memphis (E/A&H, 1994). In

addition to establishing initial concentration measures for COPCs, the data will be used in the

CMS process to define preliminary remedial goals (PRGs) and to evaluate corrective measures

technologies.

DQO Process

Data quantity and quality can have a direct effect on selection of the correct remedial option.

However, a point is reached at which more and/or better data do not significantly increase the

probability of making the right choice. The DQO process is a systematic way of evaluating the

data's impact on decision-making, and determining the degree of uncertainty associated with

such decisions. DQOs will be established during the CMS to properly evaluate the

selected remedial technology and will be described in the CMS report. The overall objective of

the eMS - to select a corrective measures altemative(s) which mitigates threats and protects

public health, welfare, and the environment - will be maintained while establishing DQOs for

individual processes or problems within the proposed remedy.
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Typically, nine broad steps will be adopted in establishing and describing the DQO process:

1. State the nature of the problem.

2. Identify the decision.

3. Identify decision-making input.

4. Define the study boundaries.

5. Develop a decision rule.

6. List the limitations on decisions and associated errors.

7. Optimize the decision for obtaining the data.

8. Apply the data to the problem's quantification and qualification process.

9. Assess the quality of the data, i.e., evaluate the data set to determine whether data are

sufficient for decision-making.

The DQO process will be applied to five tasks:

• Statistical analyses and tests of the contaminant concentration data.

• Geochemical parameter analysis and preliminary screemng for evidence of

site biodegradation as part of the natural attenuation remedy evaluation.

• Input parameters to be used in the fate-and-transport model for natural attenuation; the

assumptions and limitations of the model; the quantitative effect of numerical values

attached to each input parameter such as groundwater velocity, dispersion, and adsorption;

and how the sensitivity analysis for the fate-and-transport model fits into the DQO process.

2-2
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• Computation of the costs and time required for remediation of the selected alternative; the

assumptions, limitations, and uncertainties associated with these determinations.

• Planning for long-term groundwater monitoring and analysis oflong-term monitoring data;

developing an effectiveness evaluation of the chosen remedy.

2.2 Development of Target Media Cleanup Goals

PRGs or site-specific goals for corrective measures are based on human health and

environment criteria, information gathered during the RFI, USEPA guidance, and applicable

federal and state statutes. PRGs are typically based on promulgated standards such as MCLs

and surface-water quality criteria, and relevant nonpromulgated requirements such as

USEPA risk-based concentrations (RBCs) and soil-screening levels (SSLs). Human health

and ecological risk-based concentrations, estimated III accordance with

USEPA risk-assessment guidance, may also be considered when establishing PRGs.

The USEPA guidance document RCRA Corrective Action Plan (Final) outlines issues to be

considered in developing corrective action objectives for groundwater, soil, surface water,

sediment, and air.

2.3 Points of Compliance

Points of compliance (POCs) will be evaluated as part of the CMS. For groundwater compliance,

the USEPA Region IV Memorandum on Media Cleanup Standards and Conditional Remedies in

the HSWA Program (USEPA, 1996) details several alternatives for location of POC wells. The

following locations were outlined in proposed Subpart S: the physical edge of the SWMU,

throughout the plume, the leading edge of the plume (if contained within the property), or the

facility boundary. USEPA Region IV recommends that the POC be set at the physical edge of the

SWMU for final remedies.
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2.4 Cost Estimating

This section presents the approach to be used when-evaluating the cost of the proposed remedy.

Cost estimates will include both capital and operation and maintenance (O&M) costs. Capital

costs will include estimates for engineering, site preparation, construction, materials, labor,

sampling/analysis, waste management and disposal, permitting, and health and safety measures.

O&M costs will include labor, training, sampling/analysis, maintenance materials, utilities, and

waste disposal and/or treatment. Costing sources include the R.S. Means Company's

1998 Environmental Remediation Cost Data-Assemblies and their Environmental Remediation

Cost Data-Unit Price along with industry quotes.

Costs will be evaluated to a present-worth value by usmg a combination of the

USEPA Remedial Action Costing Procedures (EPA/600/8-87/049, October 1987),

USEPA Superfund Cashout User's Manual (PB94-141678, September 1992), and

Engineering Economic Analysis (1988) by Donald G. Newman. A present-worth analysis makes

it possible to evaluate the proposed remedy on the basis of a single cost representing an amount

that, if invested in the base year and disbursed as needed, would be sufficient to cover all costs

associated with the remedial action over its planned life. For base calculations, two rates are

assumed: an inflation rate of 1.22%, based on the Chemical Engineering Plant cost index for 1989

to 1995, and a prime interest rate of 8.25 %. The present-worth cost will be estimated from

midyear, and an increase in the discount rate would decrease the present worth of the

proposed remedy.

The cost elements for the proposed remedy will be summarized in the cost analysis section of the

CMS report. In accordance with USEPA guidelines, the cost estimate will reflect actual costs with

an accuracy of -30 to +50%. Most costs will be discounted over 30 years. Indirect costs will

include an overhead labor rate of 45 % with an additional 15 % administrative fee on all

direct costs. A 10% profit will be added to all labor and materials, with an assumed 5% to

15% contingency. A 6% design fee also will be used.
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3.0 BACKGROUND INFORMATION

3.1 SWMU 39 Site Description

SWMU 39 is approximately 150 feet east ofKearsarge Avenue across from the boiler plant on the

NSA Mid-South Southside (Figure 1-2). SWMU 39 consists of the area around Building S-203,

the concrete slab remaining from Building S-74, and the area of former Building S-212.'

Transformers and drums of oil were stored in the polychlorinated biphenyls (PCBs) storage area

(an outdoor concrete slab) until Building S-74 was demolished in 1995. Building S-74 was built

in 1943 and operated as a laundry and dry cleaning facility until 1981. The remaining

Building S-74 foundation is concrete while surrounding areas are covered with grass.

Former Building S-212 was used to store dry cleaning solvent but the area is now covered with

grass. Surface drainage flows south and west toward SWMU 38.

The SWMU 39 RFI included SWMUs 22 and 63. SWMU 22 was included because it is

hydraulically downgradient of and adjacent to SWMU 39, and similar compounds were detected

during the Confirmatory Sampling Investigation (CSI). SWMU 63 was included because of its

proximity to SWMU 39; however, no further investigation was conducted after the CSI at this

SWMU because no evidence of contamination was found.

3.2 Site Geology and Hydrogeology

Geology

As discussed in the RFI, three geologic units were investigated at SWMU 39 - the loess,

fluvial deposits, and Cockfield Formation. The loess consists of a clayey silt or silty clay, with

varying amounts of silt, clay and occasional sand, and serves as an overlying semiconfining unit

to the fluvial deposits. Thickness of the loess ranges from approximately 32 to 46 feet at

SWMU 39. Color ranges from varying shades of brown, orange-brown and gray-brown to gray.

Some gray mottling and iron staining were observed. While use of water during rotasonic drilling
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made it difficult to identify groundwater zones, saturated horizons in the loess typically are

encountered around 10 to 15 feet below land surface (bls). The vertical permeability coefficient

of the loess is 4.5xlO-6 em/sec.

The fluvial deposits were encountered beneath the loess at depths between 32 and 41.5 feet, with

an overall thickness ranging from 11.5 to 42 feet at SWMU 39. The entire thickness is saturated.

The fluvial deposits comprise a fine to coarse-grained, poorly sorted sand and gravel unit ranging

from 11 to 35 feet thick. The rounded to sub-angular gravel coarsens downward, with

individual cobbles typically ranging from less than 0.25 to 1 inch in longest dimension. Cobbles

were occasionally encountered as large as 2 to 2.5 inches in longest dimension. Color ranges from

varying shades of orange-brown and gray to olive gray.

At SWMU 39, the contact between the fluvial deposits and the Cockfield Formation ranges from

50.5 to 75.5 bls. The upper part of the Cockfield Formation consists ofa discontinuous sand zone

overlying a clay zone. This upper part consists of a very fme to fine grained sand, ranging in

color from very light gray to light yellow-gray. Where present, the sand thickness ranges from

16.5 to 28 feet. The sand zone is not present at the 039GOILF and 039G06LF well locations.

Clay horizons in the Cockfield Formation behave as a lower semiconfining unit for the

fluvial deposits and, where present, sandy zones underlying the fluvial deposits in the upper part

of the Cockfield Formation. The contact between sands in the upper part of the

Cockfield Formation and clays in the upper to middle part of the formation was noted by a

distinct change from fine sand to clay. The clay zones in the upper to middle part of the

Cockfield Formation consist of dark charcoal gray or dark olive gray clay which is dense and

very stiff. Fine sand was noted within the clay at some locations.
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Hydrogeology

As discussed in the Assembly F RFIReport (EnSafe, 2000), the water-bearing units sampled during

the RFI were the loess, the fluvial deposits, and the upper part of the Cockfield Formation.

Groundwater in the loess flows primarily downward, although locally some loess groundwater

may discharge to nearby streams, drainage ditches, and other surface-water bodies.

During the RFI, groundwater elevations were measured to determine flow directions and

horizontal gradients in the fluvial deposits/upper Cockfield Formation at SWMU 39.

Potentiometric maps indicate a southwest groundwater flow direction. The average hydraulic

conductivity was 6.8 ft/day. With an effective porosity of0.25 and a horizontal hydraulic gradient

of 0.0024 ft/ft III the fluvial deposits/upper Cockfield Formation, the

average horizontal groundwater velocity is approximately 0.07 ft/day (25.6 ft/yr).

3.3 Nature and Extent of Contamination

The SWMU 39 investigation is documented in the Assembly F RFI Report (EnSafe, 2000).

Samples collected during the RFI indicated an impact to soil and loess and fluvial deposits

groundwater. Previous investigations showed chlorinated solvents and petroleum hydrocarbons

at concentrations greater than screening levels in soil beneath the Building S-74 foundation, and

chlorinated solvents were detected in loess and fluvial deposits groundwater. The RFI report

recommended that further delineation of chlorinated solvents in soil beneath the

Building S-74 foundation and in loess and fluvial deposits groundwater was needed to complete a

CMS evaluation. The following sections summarize SWMU 39 soil and groundwater sampling

results, including results from the DPT investigation completed in October 2000 that were not

included in the RFI report.
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3.3.1 Soil Contamination

During the RFI, soil samples were collected from SIX locations at SWMU 39.

Surface-soil samples (0 to 1 foot bls) were collected from five locations beneath the foundation of

former Building S-74. Subsurface-soil samples were collected at location 039S0023 from depths

of 9 to 11 feet and 11 to 13 feet bls. Analytical results indicated a release of chlorinated solvents

and petroleum-related compounds. Table 3-1 shows the volatile organic compounds (VOCs) that

exceeded their SSLs. None of the compounds exceeded their RBCs.

Table 3-1
RFI Soil Sample Exceedances (fig/kg)

Residential Industrial
Location Sample Interval" Parameter Detection RBCb RBCb SSLb

039SFOO3 oto 1 cis-l,2-dichloroethene (DCE) 20 7.8 E+5 2.0 E+7 17

oto 1 tetrachloroethene (PCE) 41 1.2 E+4 1.1 E+5 2.4

oto 1 trichloroethene (TCE) 23 5.8 E+4 5.2 E+5 0.77

oto 1 acetone 130 7.8 E+6 2.0 E+8 120

039S0023 9 to 11 acetone 480 7.8 E+6 2.0E+8 120

Notes:
fig/kg micrograms per kilogram
a feet below land surface
b SSL and RBC values are from the USEPA Region III September 2001 Risk-Based Concentration Tables
Bold Detection exceeds the respective screening value

Supplemental Soil Sampling

The SWMU 39 DPT soil investigation, conducted in October 2000 as part of a supplement to the

RFI, yielded 15 subsurface-soil samples from beneath and around the concrete slab of

former Building S-74 and also from the area offormer Building S-212. The supplemental samples

were analyzed for VOCs. Table 3-2 shows the detections. Only TCE was detected in

concentrations exceeding its SSL of 0.77 p,g/kg in one soil sample (11 p,g/kg in 039SLS0612).

None ofthe samples exceeded their respective RBCs. Figure 3-1 shows the RFI and supplemental

DPT soil-sample locations with detections.
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Table 3-2
DPT Soil Investigation Detections (~glkg)

October 2000

Location Sample Depth" Parameter Detection Residential RBCb Industrial RBCb SSLb

039SF007 14 acetone 5J 7.8 E+6 2.0 E+8 120

039SF008 2 toluene 1 J 1.6 E+7 4.1 E+8 440

10 toluene 1 J 1.6 E+7 4.1 E+8 440

039SFOIl 12 toluene 1 J 1.6 E+7 4.1 E+8 440

039SF012 6 acetone 11 7.8 E+6 2.0 E+8 120

039SLSOI 12 acetone 5J 7.8 E+6 2.0 E+8 120

039SLS02 4 acetone 15 7.8 E+6 2.0 E+8 120

039SLS03 4 acetone 21 7.8 E+6 2.0E+8 120

12 acetone 5J 7.8 E+6 2.0E+8 120

039SLS04 4 acetone 24 7.8 E+6 2.0E+8 120

12 toluene 7 1.6 E+7 4.1 E+8 440

12 ethylbenzene 21 7.8 E+6 2.0 E+8 750

12 xylene (total) 110 1.6 E+8 4.1 E+9 8,500

039SLS05 12 acetone 5J 7.8 E+6 2.0E+8 120

039SLS06 12 TCE 11 5.8 E+4 5.2 E+5 0.77

039SLS07 12 xylene (total) 2J 1.6 E+8 4.1 E+9 8,500

039SLS08 10 xylene (total) 2J 1.6 E+8 4.1 E+9 8,500

Notes:
a feet below land surface
b SSL and RBC values are from the USEPA Region III September 2001 Risk-Based Concentration Tables
J estimated
Bold Detection exceeds the respective screening level
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3.3.2 Groundwater Contamination

Table 3-3 shows the groundwater samples from the RFI that exceeded either their tap-water RBC

or MCL for the loess, fluvial deposits, and Cockfield Formation groundwater. Of the

loess groundwater samples collected during the RFI, VOCs were detected only in the DPT loess

groundwater sample from location 039GO014. Benzene and 1,2-DCE (total) exceeded either their

RBC in this sample. It appears that the lateral extent of contamination in the loess is limited to

the immediate area of location 039GO014. TCE and 1,2-dichloroethane (DCA) were the

most common compounds exceeding their RBC and/or MCL in groundwater samples collected

from the fluvial deposits. In the fluvial deposits/Cockfield Formation, TCE and 1,2-DCE (total)

were the most common compounds exceeding their RBC and/or MCL. Sample locations and

groundwater contaminants detected during the RFI above a screening level in the loess and

fluvial deposits are shown on Figure 3-2.

Supplemental Groundwater Sampling

Supplemental sampling was conducted in October and December 2000 of all SWMU 39 loess and

fluvial deposits/Cockfield Formation groundwater monitoring wells. All samples were collected

from the bottom five feet of each well screen. Table 3-4 shows which wells exceeded a screening

level from this sampling event. TCE exceeded its MCL in samples from three fluvial deposits

wells (039G03LF, 039G04LF, 039G06LF). Figures 3-3 and 3-4 show the fluvial deposits and

loess groundwater well locations and detections, respectively. None of the compounds detected

in the loess exceeded their RBC and/or MCL. The USEPA does not have an RBC or MCL for

TPH (TN-EPH). Because loess groundwater will likely never be used as a potable water source

at NSA Mid-South due to its low yield and poor aesthetic water quality, detected concentrations

of TPH in samples collected from loess wells are compared to the TDEC groundwater cleanup

level of 1,000 p,g/L for non-drinking water aquifers. TPH concentrations found in fluvial

monitoring wells are compared to TDEC's most stringent groundwater cleanup level of 100 p,g/L

for drinking water aquifers. None of the samples from the loess monitoring wells exceeded the

cleanup level while one sample from the fluvial deposits wells exceeded its TPH goal. Copies of

laboratory reports for this event are in Appendix A of this document.
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Table 3-3
RFI Groundwater Sample Exceedances (pglL)

Location Sample Depth" Parameter Detection Tap-Water RBCb MCLc

I Loess DPT Samples I
039GOO14 12 benzene 2 0.32 5

12 1,2-DCE (total) 26 55 5

Fluvial Deposits DPT Samples

039GOO20 40 chloromethane 6 2.1 NL

039GOO26 40 TCE 11 1.6 5

039GOO32 50 TCE 3 1.6 5

039GOO33 40 TCE 37 1.6 5

039GOO41 50 TCE 91.30 1.6 5

039GOO45 50 TCE 160 1.6 5

039G0046 50 1,2-DCA 1.71 0.12 5

039G0048 50 1,2-DCA 1.52 0.12 5

039GOO49 40 1,2-DCA 4.46 0.12 5

039GOO50 40 TCE 8.21 1.6 5

039GOO59 40 TCE 2.01 1.6 5

Fluvial Deposits/Cockfield Formation Monitorin~Well Samples

039G03LF 43 1,2-DCE (total) 23 55 5

43 TCE 67 1.6 5

73 TCE 57 1.6 5

99 TCE 66 1.6 5

039G04LF 47 TCE 50 1.6 5

57 1,2-DCE (total) 10 55 5

57 TCE 73 1.6 5

60 chloromethane 8.9 2.1 NL

60 TCE 55 1.6 5

61 TCE 73 1.6 5

69 TCE 83 1.6 5

Notes:
a feet below land surface
b Tap-water RBC screening values are from the USEPA Region III September 2001Risk-Based Concentration Tables
c MCL values are from the USEPA Summer 2000 Drinking Water Standards and Health Advisories
NL Not listed
Bold Detection exceeds the respective screening value
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Table 3-4
Supplemental Groundwater Data (October 2000)

Exceedances Only (p.g/L)

Sample
Location Date Depth" Parameter Detection Tap-Water RBCb MCV

I Fluvial Deposits I
039G03LF 10/00 98' TCE 30 1.6 5

039G04LF 10/00 98' TCE 180 1.6 5

039G06LF 10/00 65' TCE 11 1.6 5

039G09LF 10/00 88' TN-EPH 4871 100d

feet below land surface
Tap-water RBC screening values are from the USEPA Region III September 2001 Risk-Based
Concentration Tables

c MCL values are from the USEPA Summer 2000 Drinking Water Standards and Health Advisories
d TDEC TPH remediation goal
J estimated
Bold Detection exceeds respective screening level
Samples from wells 039G01LF, 039G02LF, 039G05LF, 039G07LF, and 039G08LF were either non-detect or
detections were below the RBCs and/or MCLs. All wells sampled from the bottom five feet of the well screen.

3.4 Conclusions and Recommendations

• Fifteen additional DPT soil samples were obtained and analyzed for volatiles and TPH, as

part of the supplemental sampling event conducted in October 2000. Because

minimal contamination was found in surface. soils and subsurface soils beneath the

Building S-74 concrete slab, the potential impact of removing the slab is considered

negligible. No further action is recommended for surface and subsurface soils at

SWMU 39.

• Because VOCs detected in groundwater samples collected from loess monitoring wells did

not exceed RBCs or MCLs, no further action is recommended for loess groundwater,

except for abandonment of the four temporary loess monitoring wells.
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• Based on supplemental sampling results for the fluvial deposits/upper Cockfield Formation,

TCE exceeded its MCL at three monitoring well locations. TPH also exceeded its

TDEC cleanup level at one monitoring well location. Because this contamination is

small and presents a minimal exposure concern, fluvial deposits/upper

Cockfield Formation groundwater should be addressed in a streamlined CMS for TCE and

petroleum-related contaminants.
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4.0 INVESTIGATING AND EVALUATING POTENTIAL REMEDIES

As previously stated, the CMS portion of the RCRA corrective action process is designed to

identify and evaluate remedial alternatives for contaminant releases. Evaluation of

environmentally protective reme(iies may be relatively straightforward at some SWMUs or AOCs,

and may not require extensive study of numerous remedial alternatives. This streamlined CMS

approach may be appropriate at facilities where environmental problems are relatively small and

releases present minimal exposure concerns (USEPA, 1994).

For sites where the contamination problem is small and/or simple, only one alternative may be

evaluated. The small area associated with the SWMU 39 lower fluvial deposits/upper

Cockfield Formation groundwater is consistent with a streamlined approach to remedy selection.

A streamlined approach will enable SWMU 39 to move from facility investigation to CMI more

rapidly.

4.1 Identification, Screening, and Development of Corrective Measures Technologies

Generally, engineering practice and experience are used to identify which one of the

corrective action technologies appears most suited to each SWMU or AOC. The initial step in

assembling corrective measures technology alternatives is a review of the RH results and

corrective action objectives, followed by identification of technologies applicable to

corrective measures for each SWMU/AOC or group of SWMUs/AOCs. Selection of

corrective measures technologies is based on site-, waste-, and technology-specific characteristics

using current literature, vendor information, USEPA treatability databases, technology databases,

guidance documents and handbooks, and experience in developing alternatives for similar sites,

and releases.
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4.2 General Approach

The proposed remedy will be evaluated according to five standards reflecting the

major technical components. of the remedy, including cleanup of releases, source control, and

management of wastes generated by remedial activities.

General Approach Standards

• Protection of human health and the environment.

• Attainment of media cleanup standards set by the implementing agency.

• Control of the source(s) of releases to reduce or eliminate, to the extent practicable,

further releases that may pose a threat to human health and the environment.

• Compliance with any applicable standards for management of wastes.

• Other factors.

4.2.1 Protection of Human Health and the Environment

The selected remedy may include measures to protect human health and the environment, even

though they are not directly related to media cleanup, source control, or management of wastes.

For example, access controls, and deed restrictions may be used to prevent contact with

contaminated media while intrinsic or engineered remedial processes are monitored or augmented.
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4.2.2 Attainment of Media Cleanup Standards Set by the Implementing Agency

The proposed remedy will be evaluated on its ability to achieve the PRGs. This evaluation will

include an estimate of the time necessary for the selected remedy to meet these standards.

Remedial goal options (RGOs) may be established where PRGs cannot be attained.

4.2.3 Control of Release Sources

Although not anticipated for SWMU 39, source-control measures will be evaluated as part of the

CMS to determine if they are necessary to control or eliminate further releases that may threaten

human health or the environment. If a source-control measure is proposed, the CMS report will

discuss the selected technology and its reliability under given site conditions.

Source-control measures will be considered when it is necessary to stop further

environmental degradation by controlling or eliminating further releases. Without

source-control measures, some cleanup efforts may be ineffective, or at best will essentially

involve a perpetual cleanup. In these cases, an effective source-control program may be

essential to ensure the long-term effectiveness and protectiveness ofthe corrective action program.

Source-control measures may include all protective remedies such as partial waste removal,

capping, slurry walls, in situ treatments and/or stabilization, and consolidation.

4.2.4 Compliance with Any Applicable Standards for Management of Wastes

The report will discuss how specific waste-management activities will maintain compliance with

applicable state or federal regulations such as closure requirements and land-disposal restrictions.
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4.2.5 Other Factors

Five general factors will be considered, as appropriate, in approving a remedy that meets the

standards listed above. These factors combine technical measures and management controls to

address the environmental problems at a facility:

• Long-term reliability and effectiveness.

• Reduction in the toxicity, mobility, or volume of wastes.

• Short-term effectiveness.

• Implementability.

• Cost.

Long-Term Reliability and Effectiveness

The CMS will evaluate whether the technology or a combination of technologies has been used

effectively under similar site conditions, whether failure of anyone technology in the alternative

would have an immediate impact on receptors, and whether the alternative would have the

flexibility to accommodate uncontrollable site changes.

This criterion will assess the proposed useful life ofthe alternative and its component technologies.

Useful life is defined as the length of time that the level of effectiveness can be maintained.

Typically, most corrective measures technologies deteriorate over time. Deterioration can often

be slowed through proper system operation and maintenance, but the technology may eventually

require replacement to maintain effectiveness.

Reduction in the Toxicity, Mobility, or Volume of Wastes

In general, preferred remedies use treatment technologies which can eliminate (or

substantially reduce) the potential for contaminated media to cause future environmental releases

4-4



Corrective Measures Study Work Plan
Naval Support Activity Mid-South
SWMU 39 Soil and Groundwater

Section 4: Investigating and Evaluating Potential Remedies
Revision 2; December 7, 2001

or other risks to human health and the environment. Estimates of how much the

corrective measures alternatives will reduce the waste toxicity, mobility, or volume may help in

assessing this criterion.

In some situations, reduction in toxicity, mobility, or volume may not be practical or even

desirable. For example, unexploded munitions may be extremely dangerous to handle, and in such

situations the short-term risks of treatment outweigh potential long-term benefits.

Short-Term Effectiveness

The short-term effectiveness of the selected remedy will be assessed, including the potential for

fire, explosion, and exposure to hazardous substances. Threats associated with treatment,

excavation, transportation, and disposal or containment of waste material will also be assessed.

This criterion is important in densely populated areas, and when waste characteristics pose

high risks to workers or the environment and special protective measures are needed.

Implementability

The implementability of the selected remedy will be evaluated to assess any potential impacts to

the time required to implement a given remedy. Information to consider for implementability

includes:

• Administrative activities needed to implement the corrective measures alternative

(e.g., permits, rights-of-way, offsite approvals) and how long they will take.

• Criteria for construction, time for implementation, and time for beneficial results.
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• Availability of adequate offsite treatment, storage capacity, disposal services, needed

technical services, and materials.

• Availability of prospective technologies needed for the selected remedy.

Cost

The CMS will consider the relative cost of the proposed remedy. This criterion is especially

useful when several technologies offer the same degree of protection to human health and the

environment but vary widely in cost. The accuracy of cost estimating increases as the project

moves from the conceptual/feasibility phase to an actual design, fabrication, and start-up.

Therefore, cost estimates calculated in the CMS should be viewed in the ensuing decision-making

process as guidance and not as definitive fact.

Cost estimates are generally subdivided into:

• Direct Capital Costs: Remedial action construction, equipment, land/site development,

building and services, relocation of population, and disposal costs.

• Indirect Capital Costs: Engineering expenses, supervision/inspection/overhead, and

monitoring and testing.

• Contingency Allowances: Varies.

• Other Indirect Expenses: Legal fees, license/permit costs, and start-up/shake-down.
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• Operation and Maintenance Costs: Operating labor, maintenance material, and labor,

auxiliary materials and labor, purchased services, administration, insurance/taxes/licenses,

maintenance reserve, contingency, and other costs.

4.3 Corrective Measures Alternative

Based on the specific characteristics of SWMU 39, and using available resources, MNA was

identified as the corrective measures alternative that has the best potential to achieve the

remedial goals for this site. Factors considered were:

• Contamination is well defined.

• Lack of source (no significant soil contamination).

• Lack of receptors.

• Strong geochemical evidence of contaminant degradation from preliminary

MNA evaluation results.

Well-Defined Contamination

The supplemental sampling confirmed that the contamination is limited to the

lower fluvial deposits/upper Cockfield Formation groundwater.

Lack of Source

During the supplemental sampling, only one soil sample had a compound exceed its MCL and

RBC. Because no significant soil contamination exists at this site, a potential source could not be

determined.
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Lack of Receptors

No fluvial deposits drinking-water wells are present at NSA Mid-South and a public water supply

is readily available, thereby eliminating any potential receptors for SWMU 39 groundwater.

Periodic sampling at SWMU 39 has shown limited horizontal migration of contaminants, which

precludes any threat to cross-gradient discharge points, including discharges to surface waters, and

other ecosystems.

Preliminary :MNA Evaluation Results

Analytical results from historical and supplemental groundwater sampling were used to perform

a preliminary MNA evaluation (see Appendix B). Results of this evaluation indicate that MNA

may be a viable remedial alternative for SWMU 39. Key indicators include:

• Absence of contamination in downgradient monitoring wells suggests that the rate of

natural attenuation of TCE and its daughter products is greater than the rate of migration

in the aquifer.

• Low dissolved oxygen concentrations (generally <0.5 mg/L) were found in the

groundwater samples, indicating anaerobic conditions conducive to TCE degradation by

reductive dechlorination. Low redox values further support this finding.

• Ferrous iron was detected at high concentrations (>5.0 mg/L) in several area wells,

indicating that iron could be mediating the direct anaerobic oxidation ofdaughter products

cis-l,2-DCE and vinyl chloride.
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• The presence of petroleum hydrocarbons, a valuable source of organic carbon

for microorganisms, serves to induce anaerobic conditions and facilitate the

degradation process.

• TCE daughter products such as vinyl chloride are not accumulating in the aquifer.

Considering the above factors with the nature and extent of contamination, MNA was identified

as the corrective measure alternative that is most likely to satisfy the criteria described in

Section 4.2. The following section provides a general approach for evaluating MNA in a

streamlined CMS. Following approval of this document, a detailed work plan describing

specific methods and procedures for evaluating MNA at SWMU 39 will be submitted to the BCT.

This work plan will include recommendations for additional fluvial deposits monitoring wells to

further define the contaminant plume and provide geochemical data for the MNA evaluation.

4.4 Monitored Natural Attenuation

Natural attenuation is the combined effect ofvarious physical, chemical, and biological processes

that act to reduce the toxicity, mobility, and mass of a contaminant(s) in the subsurface.

Physical processes include advection, dispersion, adsorption, and volatilization.

Chemical processes include chemical oxidation and hydrolysis, while biological processes include

microbially mediated destruction of contaminants. Physical processes are commonly referred to

as nondestructive because they reduce contaminant concentrations and/or mobility without

reducing contaminant mass in an aquifer. Chemical and biological processes are

commonly referred to as destructive processes because they actually reduce the contaminant mass

in an aquifer.
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4.4.1 General Evaluation Approach

Evaluating natural attenuation as a remedial alternative involves understanding how natural,

physical, chemical, and biological processes work to reduce contaminants to concentrations that

protect human health and the environment. An evaluation of natural attenuation requires

adequate site hydrogeological, chemical, and microbial characterization and use of these data to

assess and demonstrate the potential of natural attenuation at a site.

The following steps constitute a general approach to evaluating natural attenuation. Depending

on the nature of contamination, its extent, and hydrogeological, geological, and

regulatory requirements, all these steps may not be required in a MNA evaluation. Furthermore,

the steps are not listed sequentially and can be interchanged as necessary to evaluate the feasibility

of MNA as a potential remedial alternative.

1. Review available site hydrogeological, geochemical, and contaminant data.

2. Perform preliminary screening of the site using geochemical data to assess the potential for

natural attenuation.

3. Assess the economics of natural attenuation.

4. Evaluate whether natural attenuation can reach cleanup goals (solely or in combination

with another remedy), and if so, in what time frame.

5. Develop a groundwater monitoring program to demonstrate natural attenuation.

6. Establish a remedial contingency in the event that monitoring indicates natural attenuation

is insufficient to remediate groundwater.
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4.4.2 Review of Site Data

The following site characterization data, collected during the RFI, will be used to evaluate the

feasibility of using natural attenuation for remediation of SWMU 39 contaminants.

• Location and type of chlorinated solvents in SWMU 39 fluvial deposits/upper

Cockfield Formation groundwater.

• Location, extent, and concentrations of dissolved contaminants in the groundwater

collected interactively over the period of the investigation.

• Geochemical data collected during the RFI.

• Hydrogeological parameters such as soil type, thickness of the geological deposits,

thickness of the aquifer(s), hydraulic conductivity, hydraulic gradient, porosity, and

groundwater velocity .

4.4.3 Criteria for Preliminary Screening of Geochemical Data

Geochemical data are to be used in the preliminary screening process that evaluates the potential

of the biodegradation component of natural attenuation at the site. The screening process is based

on the concept that natural geochemical conditions influence natural microbial activity, and the

resulting natural biodegradation causes changes in groundwater chemistry. Following is a list of

some of the significant geochemical parameters for MNA evaluation:
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Nitrate
Sulfate
Specific Conductivity
Methane
Alkalinity
CWoride
Total Organic Carbon

The screening process uses a scoring system that allocates points to each geochemical parameter.

An established scoring table is detailed in the USEPA Technical Protocol for Evaluating

Natural Attenuation of Chlorinated Solvents in Groundwater (USEPA, 1998). The scoring table

also lists chemical data and the significance of the presence of TCE and PCE daughter breakdown

products in the aquifer. The scoring table and the total points scored for a particular site can be

used to interpret the extent of evidence of natural biodegradation. Data will be evaluated as

outlined in Use of Monitored Natural Attenuation at Superfund RCRA Corrective Action, and

Underground Storage Tank Sites (USEPA, 1999).

Table B-1 in Appendix B summarizes the critical geochemical parameters at SWMU 39. Because

of insufficient data at this site, geochemistry is discussed qualitatively in contrast to the

general scoring format outlined above. Because this is the first step in evaluating MNA feasibility ,

understanding how geochemistry affects the degradation of VOCs is more critical. When more

geochemical data are collected, the site may be formally scored. During the CMS, a

monitoring program will be implemented to collect additional chemical and geochemical data. The

program will consist of installing additional monitoring wells and quarterly monitoring. Results

from analysis of groundwater geochemistry and the potential for natural biodegradation of

chlorinated solvents at SWMU 39 will be detailed in the CMS report.

4.4.4 Economic Analysis of MNA

Cost considerations for MNA will be evaluated as described in Section 4.2.5.
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4.4.5 Achieving RGOs

MNA and its ability to achieve RGOs will be evaluated as described in Section 4.2.2.

4.4.6 Development of Monitoring Program

A long-term monitoring program will be developed to monitor the area over time and to verify that

natural attenuation is occurring at rates sufficient to attain site-specific RGOs within the predicted

time frame. The monitoring plan will be designed to evaluate long-term behavior of the

groundwater, to verify that exposure to contaminants does not occur, to verify that

natural attenuation breakdown products do not pose additional risks, to determine

actual attenuation rates for refining predictions of the remediation time frame, and to document

when site-specific RGOs have been attained.

At minimum, the monitoring program will analyze groundwater samples for:

VOCs

Geochemical parameters: DO, pH, iron, methane, nitrate, and sulfate

4.4.7 Establishing Remedial Contingency

The results of the natural attenuation study will be presented in the CMS report, which will

objectively evaluate whether MNA is the most appropriate remedial option for SWMU 39. All

available data and information developed during the study will be presented in the CMS report.

If the proposed remedy cannot achieve RGOs as described, other protective remedies will be

considered.
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4.5 Institutional Controls

Institutional controls often supplement engmeenng controls, as appropriate, for short- and

long-term management to prevent or limit exposure to hazardous substances, pollutants, or

contaminants. Institutional controls, which will be evaluated in the CMS, should not supplant

active response measures as the sole remedy unless active measures are determined to be

impractical.

Typical Institutional Controls

•
•

Site access controls

Public awareness, education

•
•

Long-term monitoring

Warning against water use

• Groundwater-use restrictions

In addition to these institutional controls, deed restrictions or incorporating land use controls into

the Installation Master Plan (or equivalent) may be used.

4.6 Corrective Measures Alternative Recommendations

After corrective measures have been evaluated, the CMS report will recommend a

remedial alternative based on its ability to meet the criteria in Section 4.2. The recommended

alternative could be one remedy or a combination of remedies. Figure 4-1 is a flow chart that

details the corrective measures selection process for SWMU 39.
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5.0 PROJECT MANAGEMENT

This section outlines the proposed project management plan for the SWMU 39 CMS, including

project work elements, schedule, and project-management responsibilities. The main goal of this

effort is to achieve compliance with the HSWA portion of the Part B permit for operating a

hazardous-waste storage and transfer facility.

5.1 Project Work Elements

The CMS will begin with a review of the site characteristics, nature and extent of contamination,

identification of corrective action objectives, and corrective measures alternatives. Based on

review of these data, an in-depth analysis of alternatives will be conducted to determine the

most appropriate and cost-effective corrective measures for groundwater based on the

five standards and five decision factors discussed in Section 4.

Results of the CMS will be presented in a CMS report, which will include the following elements:

• Introduction/Purpose

• Description of Current Conditions

• Corrective Action Objectives

• Identification, Screening, and Development of Corrective Measure Alternatives

• Evaluation of a Final Corrective Measure Alternative

• Recommendation for a Final Corrective Measure Alternative

• Public Involvement Plan

5.2 Project Schedule

This section provides a schedule for completing the CMS. Appendix C of the HSWA portion of

the Part B permit contains a facility submission or compliance schedule based on task versus
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duration for completing the RFIICMS. In accordance with HSWA permit Condition II.G.l, a

Corrective Action Management Plan (CAMP) was prepared and submitted to the USEPA. The

CAMP was originally approved by USEPA Region IV on June 29, 1993, and revised in

November 1994 to address changing priorities resulting from BRAe. It has been revised since

that time to reflect the current status of the CAMP at NSA Mid-South.

The CAMP outlined a proposed schedule for completing RFI and CMS implementation.

Figure 5-1 shows a proposed schedule for the SWMU 39 fluvial deposits groundwater CMS. This

schedule is an updated version of the one presented in the most recent version of the CAMP

(October 1997).

5.3 Project Management Responsibilities

NSA Mid-South

NSA Mid-South holds a RCRA permit for a storage facility. The Commanding Officer,

Wanda Riddle, is responsible for all compliance with environmental laws. Other key persons at

NSA Mid-South are Tonya Barker, Public Works Environmental Division Director, and

Rob Williamson, IRP Coordinator.

SOUTHNAVFACENGCOM

Jim Reed, the SOUTHNAVFACENGCOM Engineer-in-Charge (EIC), is responsible for the

technical and fmancial management of IRP activities at NSA Mid-South. He prepares the

project statement of work; manages the project scope, schedule, and budget; and provides

technical review and approval of all deliverables.
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USEPA Region IV

Region IV of the USEPA is responsible for reviewing reports and coordinating with state agencies

to ensure that federal requirements are addressed.

Jennifer Herndon.

TDEC

The USEPA representative is

The Tennessee Department ofEnvironment and Conservation (TDEC) is responsible for reviewing

and approving documents. The TDEC representative is Clayton Bullington.

EnSafe

EnSafe is under contract to SOUTHNAVFACENGCOM to administer, plan, and implement the

CMS at NSA Mid-South. John Stedman is the designated Task Order Manager and

CMS Project Manager, and Keith Johns will serve as the Community Relations Specialist.

u.s. Geological Survey (USGS)

The USGS, Water Resources Division, Tennessee District, along with EnSafe, conducted the RFI

at SWMU 39. Mr. Jack Carmichael is the USGS Project Manager and will continue to provide

support to the Navy by reviewing and evaluating CMS documents.
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6.0 COMMUNITY INVOLVEMENT

Though the RCRA corrective action process typically does not require a community participation

program for facilities that are experiencing RCRA-regulated assessment, investigation, and/or

cleanup, it has been the policy of the U.S. Navy for NSA Mid-South to emulate a

public involvement plan comparable to what would be expected under CERCLA-mandated

assessment and remediation projects.

6.1 Community Relations Plan

In response to Navy guidance, EnSafe was tasked with developing a Community Relations Plan

(CRP) detailing community involvement and strategy for the entire RCRA corrective action

process. The CRP has been implemented to encourage open communication among

NSA Mid-South; federal, state, and local regulatory agencies; interested community groups, and

individual community residents regarding environmental activities that are subsequent to

NSA Mid-South remediation and closure. Community involvement has been encouraged from the

beginning of the corrective action process (i.e., RFA) and will continue through the end

(i.e., CMI).

6.2 Benefits

Community involvement and input result in many benefits. In particular, the

Restoration Advisory Board (RAB), as described in the CRP, provides a forum where applicable

project information is presented to the community, and public input is actively solicited and acted

upon. The implementation of any program has a greater chance for success when the community

has taken an active role in the full program from start-up to alternative solution selection and

implementation. Community support is vital during the period of solution implementation.
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6.3 Public Interaction

As mentioned in previous sections of this work plan, the final product ofthe CMS will include a

list of possible cleanup altemative(s) as well as the recommended remedy. The CRP requires that

this list be presented to the local community through a public notice published in the newspaper

and at a public hearing. Written responses will be accepted from the public during a

comment period that typically ranges from 30 to 45 days. EnSafe, in coordination with the BCT,

will produce written responses to comments received during this period. Changes to the

proposed cleanup altemative(s) may be made after consideration of public comments.

In addition to the public notice, hearing, and comment period, quarterly RAB meetings, which are

open to the public, will act as a forum for citizen education, involvement, and input throughout

the entire CMS process. Fact sheets and other educational material reporting CMS findings will

be published if community interest is expressed.
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Preliminary MNA Evaluation



SITE-SPECIFIC MNA EVALUATION

Groundwater was collected from nine wells at SWMU 39 and analyzed for chemical and

geochemical parameters to determine if chlorinated solvents are biodegrading naturally in

fluvial deposits/Cockfield Formation groundwater. Geochemical data are also being used to

determine if natural biodegradation could be used as the sole remedy for cleanup.

Chemical analyses for VOCs were performed in the laboratory. Geochemical samples were

collected and analyzed in accordance with the USEPA protocol for MNA analyses

(Technical Protocolfor Evaluating Natural Attenuation ofChlorinated Solvents in Ground Water,

1998). In accordance with MNA protocol, certain critical geochemical parameters were analyzed

in the field and the remaining samples were analyzed in the laboratory.

Chemical/Geochemical Data

Chemical and geochemical data are summarized in Table B-1. This data set was used to

examine the potential for MNA at SWMU 39 from a geochemical perspective.

Critical geochemical parameters are analyzed below.

MNA Data Interpretation

VOCs: Three of the nine fluvial deposits wells sampled had TCE detections, with the

highest concentration being 180 f.J,g/L at 039G04LF. Cis-l ,2-DCE (which is the daughter product

of TCE reductive dechlorination) was detected at very low concentrations of 3 f.J,g/L and 6 f.J,g/L

in wells 039G03LF and 039G04LF, respectively, indicating that its parent compound is

undergoing degradation without accumulating in the aquifer. Vinyl chloride was not detected in

any area wells, indicating that, if it is being formed during natural biological attenuation

(reductive dechlorination), it is not accumulating in the aquifer. A good indicator of

MNA feasibility is the absence of VOCs at downgradient wells 039G07LF, 039G08LF, and

039G09LF. It appears that as groundwater flows downgradient, VOCs naturally degrade to

nondetect levels.

B-1



Table B-1
SWMU 39 - Lower Fluvial Deposits Groundwater

MNA Evaluation
Chemical and Geochemical Data

October 2000

Well Well Well Well Well Well Well Well Well
Parameter Units 039GOILF 039G02LF 039G03LF 039G04LF 039GOSLF 039G06LF 039G07LF 039G08LF 039G09LF
Dissolved Oxygen (DO)* mg/L 0.3 0.15 0.4 0.9 0.13 0.17 0.2 0.22 0.32

Temperature* °c 20.2 21.08 17.42 21.25 21.8 18.6 18.79 20.11 19.49
pH* pH units 6.36 6.54 6.82 6.53 6.5 6.41 6.33 6.26 6.34
Oxidation Reduction Potential (ORP)* mV 13 -55 118 -49 -38 -32 50 42 47
Chloride* mg/L 15 20 60 20 90 15 30 15 20
Alkalinity* mg/L 180 340 380 440 240 260 220 140 180
Ferrous Iron (Iron II)* mg/L 3.15 6.6 0.98 7.3 5.9 4.1 3.24 2.45 1.36
Nitrate mg/L ND ND ND ND ND ND ND 0.25 0.23
Sulfate* mg/L 45 28 28 30 19 26 58 53 20
Sulfide* mg/L 0.201 0.07 0.16 0.122 0.072 0.038 0.249 0.237 0.071
Methane mg/L NS 7.18 25.81 25.47 25.1 41.54 58.12 4.97 10.32
Total Organic Carbon (TOC) mg/L 6.6 ND 3.5 3 8.6 3.6 4.5 3.7 7.6
TCE mg/L ND ND 30 180 ND 11 ND ND ND
cis-l,2-DCE mg/L ND ND 3 6 ND ND ND ND ND
Vinyl Chloride (VC) mg/L ND ND ND ND ND ND ND ND ND
DCA mg/L ND ND ND ND ND ND ND ND ND
Chloroform mg/L ND ND ND ND ND ND ND ND ND

Notes:

*These parameters were measured in the field.
ND = nondetect
mg/L = milligrams per liter
mV = millivolts



Geochemistry: Dissolved oxygen is probably the single most significant geochemical indicator

at sites with chlorinated-solvent-contaminated groundwater. When the DO concentration is

low enough to indicate anaerobic conditions, conditions in the aquifer are likely to be conducive

to degradation of TCE by reductive dechlorination. All wells sampled in the area, except for

039G04LF, had DO levels less than 0.5 mg/L, strongly supporting the hypothesis that

reductive dechlorination of TCE is occurring in the aquifer. Oxidation-reduction potential (ORP)

values are generally less than 50 millivolts (mVs), further suggesting an anaerobic aquifer which

supports natural attenuation of TCE by reductive dechlorination.

The presence of reduced ferrous iron in measurable quantities (> 5 mg/L at several locations)

indicates that the aquifer is a reducing one, as also indicated by DO and ORP readings.

Higher ferrous iron concentrations also indirectly indicate the capacity .of an aquifer to

support direct oxidation of daughter products cis-l ,2-DCE and vinyl chloride in the aquifer under

anaerobic conditions. In all likelihood, the high ferrous iron concentrations explain why these

daughter products are not generally detected in area wells.

Total organic carbon (TOC) concentrations in the aquifer are greater than 3 mg/L in

several area wells. TOC is the essential natural carbon source that supports

reductive dechlorination of TCE. At the levels detected in the aquifer, TOC should be sufficient

to sustain TCE degradation.

Other significant geochemical parameters for which some data are available include nitrate and

sulfide. Nitrate could inhibit the progress of reductive dechlorination of TCE, but since it was not

detected at this site, it cannot interfere with MNA activity. Sulfide was measured at

low concentrations in this aquifer, suggesting that the aquifer could be classified as being in either

the sulfate-reducing or iron-reducing redox state. These redox conditions, along with

low DO levels, make the aquifer very conducive to chlorinated-solvent reduction.


